Cytosol proteins prepared from castor bean endosperm (4-day-old) s stimulate the exchange of [IHlpbosphatidylethanolamine between liposomes and mitochondria. The acceleration of the exchange depends on the quantity of cytosol proteins, the time of incubation, and the respective amounts of liposomes and mitochondria. On a per seeding basis, the active proteins are essentiafly located in the endosperm, whereas the roots and the cotyledons are less rich in these proteins.
Cytosols prepared from various plants, including potato tuber (7, 8) , cauliflower buds and Jerusalem artichoke tuber (6) , and castor bean endosperm (5, 18, 19) , contain proteins that are able to accelerate the exchange of phospholipids between organelles (microsomes and mitochondria) or between liposomes and organelles. The exchange of phosphatidylcholine, a major phospholipid in plant organelles, has been studied in castor bean endosperm (5, 17, 18) . No particular study has been devoted to the exchange of phosphatidylethanolamine, another major phospholipid of castor bean mitochondria (4) . This paper shows that cytosol proteins from castor bean endosperm actively stimulate the exchange of phosphatidylethanolamine between liposomes and mitochondria. A preliminary account of this work has been presented (2) .
MATERIALS AND METHODS
Plant Material. Seeds of castor bean (Ricinus communis L., var. Sanguin Vilmorin) were grown in moist Vermiculite in darkness at 30 C. The endosperm halves were removed after 4 days of germination.
Isolation of Mitochondria. Mitochondria are isolated from endosperm halves (100 g fresh weight) and purified by sucrose gradient centrifugation according to Douady et al. (5) . The mitochondrial suspensions (about 10 mg ml-') were immediately used or stored at -20 C. Proteins were determined by the biuret method with BSA as standard.
Isolation of Cytosol Proteins. The postmitochondrial supernatant, obtained from the endosperm halves, was treated at pH 5.1 (7) . After centrifugation of the supernatant at 16,000g for 10 mi, the proteins were precipitated with ammonium sulfate (75% saturation) and dialyzed overnight against 30 volumes of buffer A (0.25 M sucrose, I mm EDTA, 50 mM Tris-HCI [pH 7.4] (Table I) , we concluded that an exchange, rather than a net transfer, of phosphatidylethanolamine is observed. A reciprocal transfer of unlabeled molecules from mitochondria to liposomes compensates the transfer of labeled molecules from liposomes to mitochondria, as it was found in other systems (8, 20, 21) . It was also checked by TLC and autoradiography that [3HJphosphatidylethanolamine was effectively recovered in the mitochondria. Table II shows that it is possible to calculate the amount of phosphatidylethanolamine eexchanged. The radioactivity (e), in dpm, of [3HJphosphatidylethanolamine exchanged between liposomes and mitochondria, corrected for liposome co-precipitation, is defined by e = d -(a-b), where d is the 3H radioactivity recovered in mitochondria, a is the 3H/"C of the liposomes after incubation, and b is the 14C radioactivity recovered in mitochondria. If e is corrected for loss of mitochondria, it is found h = (e. g) f-1, where g andf are the phospholipid content of the mitochondria before and after incubation. The percentage ofexchange, corrected for liposome co-preci3pitation and loss of mitochondria, is h c-1 100 (where c is the H radioactivity of the liposomes before incubation). P, the mass of phos1phatidylethanolamine exchanged (in nmol) is equal to P = h *i (i is the specific radioactivity of the liposomes before incubation, in dpm nmol-1). A unit of activity is defined as the amount of cytosol protein able to exchange 1 pmol of phosphatidylethanolamine/min. In Table II (Fig. 1B) . Weaker variations of the "C label are observed in the mitochondrial and liposomal lipids (Fig. IA) . These results clearly indicate that the exchange of phosphatidylethanolamine between liposomes and mitochondria strictly depends on the quantity of cytosol proteins present in the exchange assay. It is noted that a linear relationship is found only for weak quantities (up to 11 mg) in the experimental conditions of Figure  1 . For large quantities, this linear relationship is not observed and a plateau is reached, suggesting that other limiting factors control the action of the cytosol proteins.
Kinetics of the Exc of Posphatidylethanlnle. The exchange of phosphatidylethanolamine mediated by cytosol proteins is time-dependent (Fig. 2) . The 3H label regularly increases with time when cytosol proteins are present. An almost linear increase is observed for 60 min. The increase is weaker for the 3H radioactivity without cytosol proteins or for the 14C label.
Effect of the Quantity of Mitochondria on the Exchange of Phosphatidylethanolamine. The extent of the exchange of phosphatidylethanolamine mediated by a fixed amount of cytosol proteins depends on the quantity of mitochondria introduced in the medium (Table III) . When weak quantities of mitochondria (1.2-2.4 mg) are assayed in the presence of a moderate amount of cytosol proteins (7.5 mg), the 3H label and the 3H/14C ratio are augmented. However, with a higher amount of mitochondria (6 mg), the 3H label does not increase, whereas the 3H/14C ratio decreases (Table III) . This observation suggests that in the presence of an excess of mitochondria, the amount of cytosol proteins and liposomes limit the extent of the exchange.
Effect of the Concentration of Liposomes on the Exchange of Phosphatidylethanolamine. Fixed amounts of mitochondria and cytosol proteins are incubated with increasing quantities of labeled liposomes. An almost linear increase in the extent of the exchange of phosphatidylethanolamine is observed (Fig. 3) . 65, 1980 BOUSSANGE, DOUADY, AND KADER lipid pools of the mitochondria and the liposomes.
The finding that the active proteins are mainly located in the developing endosperm of castor bean seedlings is of interest since this tissue was shown to be the site of an active biogenesis of membrane lipids (4, 9, 10, 13, 14) . Phosphorylethanolamine-glyceride transferase, a key enzyme for the synthesis of phosphatidylethanolamine, is particularly active in the microsomal fractions prepared from castor bean endosperm (3, 10) . By contrast, mitochondria isolated from this tissue are unable to synthesize nitrogen-containing phospholipids (1 1, 12, 14) , although recent observations of Sparace and Moore (16) indicate that mitochondria from castor bean endosperm synthesize phosphatidylcholine via methylation of phosphatidylethanolamine.
Proteins able to exchange phosphatidylethanolamine have been isolated and purified from animal cells (1), whereas proteins able to exchange phosphatidylcholine have been detected and partially purified from castor bean endosperm (5, 17, 18) . In future studies, we will investigate whether the exchange of phosphatidylcholine and phosphatidylethanolamine is mediated by a different or a same exchange protein in plant cytosols.
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